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Fig.1 Two-dimension structure of cellulose
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Fig.2 Three-dimension structure of cellulose
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Table 1

Delignification efficiency for PM, s samples at different

temperatures
" LFH % TR AR 22
. m/pg(n=6) RSD/%
70°C 100. 880 11.5
R (25C) 97.910 8.8

4.2 LFYERMHRROV AL

2T YA ZR I SR AT IR Y SR IR, HAR R
Wi 3 7 125 4 SR EORE R UERA B o A0 R I Sy i
J& \pH {21 4 2 i A S A SO s 18] 224> 52 i [
Ko P, AR FHAZ f2 2 1 05 25 55 45 I 320 il
fifp S FR) 7 8 I ST 6 2 RS, XoF B B 2 A
AT T B, LREAIR WAL 2,

A6 2 R pH R £ SRS REI )%
IRy IR 5 )
Table 2 Effects of temperature, pH value, amount of celluclast

and reaction time on enzymatic hydrolysis productivity

ARSI LT R USRS
40°C  37.7x2.1 100 L. BRI 39.3£3.3
(IR T 10 £75)
45C  39.9£4.2 200wl 41.7 4.1
50C  41.7x3.4 500 wL it T ¥ 43.4£2.7
55C 23.2x1.7 100 wL 47.2£7.2
200 wl 5B 53.2+5.5
Jii pH KA/ % Bty itk S S I 1R] KRR/ %
4.5 41.7 4.0 24 h 41.7£5.6
5.0 36.3£3.2 48 h 45.4£6.2
5.5 22.2+4.8 72 h 48.8£6.5
96 h 51.3+4.8

FE 2 WL Y YN I DA 40°C T
) 50°C, 25 4 R WK iR M 37. 7% Ft i 2
41.7% ;B 2515 BE Ak 2L Tt = 31 55°C i), 7K fiff 5 o 2%
R (23.2% ) o 3% AT BEJ& 1 T IR = F 50°C B £F
Y ZR A A T P BT A2 B AT B, PRk e T
50°C AT BRI
XFFRREET F ,pH =4. 5 BK i m , Bkl
HeHE R N R S
Wi 5 7R P A B, T A 7= S M 39. 3% |
53.2% FAF 8 A0 7 — B T EHA A G5 H
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BET IS UEIBA 12. 0 mL PRS2 vhis WA
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OALR B S SE 20 8 o

W IBCEH# EIER S mL, A 10 mL ) 267 47 . 64
AR, AE 37 CoR AT 8 10 min, DA 4lizK
NS, TE 500 nm P EE AN - 7T L7000k
JERETHINE FE S A WO RE o [ iy LA 26 Wb 1
VS WAE R RE 251 T VR Fm o pth 2, AR I AR ot V2 9
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5 L4 RNE JiikBioRTE ks
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OB AR PR AR e 2R, WL 3. IR A DG R
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Fig.3 Calibration curve for glucose determination
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Fig.4 Enzymatic hydrolysis efficiency for cellulose
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ARITER Ry 25 FME (36. 5 pg A, I
2 3)MRTFCHRITIA(53. 8 g WG Y, R
FEL YRR AR 42 R P o iy 2 248 32 T 5 o 0 1 o
FAREEL, N PM, o dh 21 4R R 4 0 i o e L+
g, BRI e i 25 (R T DA R RE Gt R i
I R, R A IS SRR AR AR 2 AR P =S FE Y
b iR
5.4 JilEKHBBURE I

A3 ey as FIEE 3 A ifEdn 22315307
IERL R IR AT HE R, T kA R B
PAASTR] H X 1000 g £F 2 AR i 10 I 5 1 ) A
XA 2227 o

PA57.6 m® () RAFARFR T, A 5 ik R H R h
0.26 pg/m’ (£F4ER) W w T30 i (W3R 3) {0
FEAAE TF A — 7K, AT LG R PM, 5 B i (9 0

3 JNEEREaE O R IRAE B

Table 3 Procedure blank, detection limit and reproducibility of

the method
o ENTIEN SRR TR
L —a— ,
WK BT B=IK Puxbaum 2501 Cerqueira 2z [16]
2RFEA
I 34.8 39.2 35.7 - -
(% pe)
Ll - 36.5 - 53.8 -
(pg)
T2
- 2.3 - 1.51 -
(8D, pg)
3SD
. 15.0 - 5.70 -
(4%, pg)
£ i PR
. - 0.26 - 0.11 0.10
(F4EF , pg/m’)
B 38 - - -
(RSD/%) :

T B RSD 1 6 4> 1000 g £F4ERBRERINE (T HFARRIARIE R 2R

6 ALt RN PM, 5T
6.1  FEhb PM, SRISFEE R DRI K T
FIHEF 2 Z K A GOD — 2Kl — DU I 2285
AR 2200 2 2012 4£ 5 H 15 H# 6 J 28 H R
AR11 23 AUt PM, B 1) BT VR FE N AR 4E 3R %
i, PM, AP ER SRl e 45 R R 5. PM, ot &
WE N 15.0 ~184 pg/m CEYME R 89.2 pJg/m3 At
P O RO HMH 0. 573 pe/m® (KK H ~ 0. 94
we/m’) o 23 ARG 22 ANEFYER G R R Tk
ot PR o

I 45 2R 1 g T Sk il Y b 5T,

5 TSN L N BRIX P, (2 AR A5
(%% F Azores FIBHF] Sonnblick ) PM, ;' iy £ 4
FMELER, WK 4,

MIES WTLAE H, T SRAERESL Y PM,, s K

- (P41 84. 0 pwg/m’ ) FWEAKF 75 FORERES (T
HIMH 92.0 wg/m’) 1 1L H FEAL O LF4E R & 8 (1
HO. 71 peg/m’) B TN HAE S (CFHE 0. 46
pe/m’) , FLET4E R W fe i 3 SRR SR IAR A
o S35 3 W RIS A RERE I PM,  FIZT4E
RUWEERADCHEI s T H o 4G BaRgsE R, ]
DMEWTE O 0 55 A AL, R A EZ R R
SRAEB IR IR A . A R R AR . = H S A

AL Tr BIRERGHE A & ZF A A KO, U T A E)
T B X B TRl 5T DA K 2RI R A
R, B T PP R IS T S S A AR ) Y el
TALRE G W i, DR R A 8 2 ALYk
PR . AN A Z )5, Bk Yy i 752 8
55 TR , TG I O R 7K A 90 38 48 v R
A R £ R s, R R 21 4R & = R

200
180 [ ——JOh: 4 B3k
160 I o s14:92x100

005050, 90"0"090’ f N )
e /@ﬂi/?é/ e e
J‘J‘d‘\)‘d‘d‘ 6 6 5 5 6 5 6

PR AERURNA S SR VIRV R L SN
SR H
Pl 5 201245 )14 6 JERAEAL RS PM, s AER IR IRIE R
LR e M a5 R
Fig. 5 Mass concentration and cellulose content of PM,

samples collected in May and June, 2012

6.2 R PM, SRR IBURE YR SRR IR vk
LS
23 AMEAEUR T PM, AL 2T 4E 3R 2
(0.573 £0.17) pg/m’, Pr & R RIRRBHECE, o5
PM, R /) 1. 37% = 0. 65% , & K 5 3|
2.84% . IZREL 2002 ~2003 AL 5K PM,
L, BT HURK 5 PV RO 13.89% 14
XA YN FE YL T PV, AR dh 1T 55, — YRR AR
RLBHERCE S A LBK 1 STRR R 4. 4% (SFI1H) ,
RRIREN9.2%
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L AER UL AR, ABTIE R IRAE GO UKL
Pk B B TR (SO0 A HLRR B9 STRRK P ) B8R L L
BUHA A A AR (R 4) o X—BREW], L
TURAPM,, s H T2 28 248 X v J3 45 v 2 |t T4 i 1Y
PM, s 5 15E B9, T K AR R AT TR A b I
bt X 5

Taie A AT S B , KSR A B HE TS 3
RPN B TR I — o IR LR 4E R A — IR
WURL) K SRAE R HETR 7R B2 W) 5, AE ST PM,, 5 YR
PRI b, AT DL — 25 A0 A X kT R )
B S 0 RO IR A AL A 73 o QRS I 3] 32 445
U TR R TN i G A DO T SR TN
PM, s PR AT 45 SR (8 A P 0 5 B R BT AR

4 2012485 ] ~6 HAEHHR T PM, s SR B M 4 R
B 55 SCHRAA R b4
Table 4  Cellulose in PM, 5 collected on May to June, 2012 in

Beijing and comparison with literatures

, ' VS NN
B aag S0 %ﬁﬁ RO B
IE L kife  RAEMB S/ o, XA Bk
S (ug - m) Ly isreidiy S/ %
W hg*m ﬁﬁk/% L
Vienna, Austria < 1.6 1994 ~1995  0.039 1.6 -
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Study on the Vegetative Detritus Contribution to Beijing Urban PM, .
Using Cellulose as a Marker

DING Yi' , ZHANG Ting’" , DONG Shu-ping”, LIU Xian-de’ , LIANG Han-dong'
(1. College of Geosciences and Surveying Engineering, China University of Mining & Technology ( Beijing)
Beijing 100083, China;
2. National Research Center for Environmental Analysis and Measurements, Beijing 100029, China;

3. Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract; PM, ; pollution raises environmental concern in China and other countries worldwide. The marker
technique is regarded as a reliable tool for atmospheric aerosol source tracing. Cellulose can be used as a marker to
identify and evaluate vegetative detritus emission to primary aerosols. An analytical method for cellulose in the
PM, ; has been modified because of its low content in PM, 5 and the relative high procedure blank. The method
combines an enzymatic cellulose hydrolysis procedure and a GOD-phenol-4-aminoantipyrene determination of formed
glucose. The key parameters of the method were optimized as a delignification condition, temperature for cellulose
enzymatic hydrolysis, amount of enzyme, pH value and hydrolysis reaction time. The method meets the
requirements of cellulose determination of PM, ; with a detection limit of 0.26 pg/m’. A procedure blank of 36.5
pg glucose was obtained which is significantly lower than 53.8 g for the previous method. Cellulose in 23 Beijing
urban PM, ; collected from May 15th to June 28th, 2012 were analyzed. The detection rate of cellulose is 96% .
The results show that the cellulose concentration in Beijing PM, 5 is (0. 573 0. 17) pg/m’. The vegetative
detritus contribution is 1. 37% +0. 65% of PM, ; mass concentration, or 4. 4% in average and 9. 2% in the
maximum of PM, s organic carbon, indicating vegetative detritus is a major contributor of urban aerosol organic
carbon and has to be considered in source attribution studies. This method provides a new technique for urban
atmospheric PM, ; source identification.

Key words: atmospheric PM, ;; marker; cellulose determination; vegetative detritus emission
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